The European NIDDM Policy Group states that the lowest target for good control of Type 2 (non-insulin-dependent) diabetic patients is a blood glucose level 4.4 mmol/1, both fasting and postprandially. The aim of this study is to evaluate the occurrence and temporal distribution of values under this target in the clinical records of 463 Type 2 diabetic patients, treated by diet or diet and oral hypoglycaemic agents, monitored for at least 2 years. The protocol includes blood glucose measurements after overnight fasting (08.00 hours), 120-150 rain after breakfast (11.00 hours) and 120 and 240 min after lunch (14.00 and 16.00 hours). At least one blood glucose concentration of less than 4.4 mmol/1 was presented by 42% of the patients. The only difference between patients showing and not showing glycaemic levels under this target was the higher percentage on oral hypoglycaemic agents in the first group (68.4% vs 56.9% ,p = 0.016). We considered 299 blood glucose profiles containing at least one value of less than 4.4 retool/l, observing that a) 46.9% of profiles from patients treated by diet alone and 68.7% of profiles from patients treated both by diet and oral hypoglycaemic agents presented the lowest blood glucose concentration at 16.00 hours (p = 0.002). b) No correlation existed between fasting blood glucose and values at 16.00 hours in profiles from diet-treated patients, whereas a negative correlation was present in patients on diet and oral hypoglycaemic agents, indicating that an excess of oral agents, administered to correct fasting hyperglycaemia, was the cause of the low glycaemic values in the afternoon, c) 37.9% of profiles on a diet and 83.3% of profiles on diet and oral agents showed fasting glucose concentrations > 6.7 mmol/1, the upper limit of good control according to the European NIDDM Policy Group. This indicates that fasting hyperglycaemia does not exclude the occurrence of low glucose values throughout the day and that it is necessary to monitor blood glucose profiles.
The targets of glycaemic control for Type 2 (non-insulindependent) diabetic patients are controversial. Recently, however, the European NIDDM Policy Group stated in a consensus view that patients should maintain fasting blood glucose levels between 4.4-6.7 mmol/1, and postprandial levels between 4.4-8.9 mmol/1, taking as an index of either acceptable or poor control, respectively, values < 7.8 and > 7.8 mmol/1 for fasting samples, and values < 10 and > 10 mmol/1 for postprandial samples [1] . The 4.4 mmol/1 limit is due to the fact that lower concentrations could be dangerous in an older population frequently affected by vasculopathy, since values greater than the limits of chemical hypoglycaemia cause neurological abnormalities due to neuroglycopoenia and activate adrenergic glucose counterregulation [2] . The latter phenomenon is potentially dangerous as it can precipitate vascular complications of the disease owing to haemorheological, haemodynamic and haemostatic changes, as it has been described during insulin-induced hypoglycaemia [3] [4] [5] [6] [7] [8] [9] . Since one of the main targets of Type 2 diabetes treatment is the prevention of angiopathy, it is particularly important to avoid low blood glucose concentrations. Data concerning severe hypoglycaemic episodes in Type 2 diabetic patients have been previously reported [10] . As far as we know, however, the prevalence of blood glucose concentrations under the 4.4 mmol/1 target [1] has not been investigated.
The aims of the present study are to evaluate (1) the occurrence of blood glucose concentrations under the 4.4 mmol/1 target in a cohort of Type 2 diabetic patients; (2) their temporal distribution and their relationship to treatment; (3)the usefulness of a clinical monitoring protocol involving daily blood glucose profiles. Table 1 . Mean + SEM, ranges and intra-assay coefficients of variation obtained measuring venous blood glucose (ten determinations) and venous plasma glucose (ten determinations) on four venous blood samples obtained from a healthy volunteer before and after an i.v. insulin bolus. Venous blood glucose was measured by means of Reflolux II, venous plasma glucose by means of the Glucose Analyzer Venous blood glucose (retool/l) Venous plasma glucose (mmol/1) n = 10 (Reflolux II) n = 10 (Glucose Analyzer) 
Subjects and methods
We examined the clinical records of a cohort of 463 Type 2 diabetic patients who were regularly attending the diabetic clinic of the San Luigi Gonzaga Hospital (Orbassano, Turin), being treated by diet alone or diet and oral hypoglycaemic agents (OHA). Type 2 diabetic patients on insulin treatment were not included in the cohort. The diagnosis of diabetes was made according to the criteria of the National Diabetes Data Group [11] . For a period of at least 2 years patients were submitted to follow-up examinations every 1-3 months involving measurement of body weight, blood pressure, HbAic (chromatographic method with microcolumns, Bio Rad, (Richmond, Calif., USA), mean value in a cohort of 200 healthy subjects 4.8 + 0.05%, range 3.8-5.9%) and capillary blood glucose profiles, measured by trained personnel, using a reflectance meter (Reflolux II, Boehringer, Mannheim, FRG). It is known that capillary glucose is slightly higher than venous glucose, and that blood glucose is slightly lower than plasma glucose [ 12] , a fact to be kept in rain d when comparing glucose measurements of different fluids. To assess the reliability of blood glucose measurements in the low range and to compare data obtained using the reflectance meter with those obtained using an established laboratory procedure, we determined the glucose concentrations both in the euglycaemic and low glycaemic range with the Glucose Analyzer (Beckman, Fullerton, Calif., USA) in plasma and with Reflolux II in blood. For this purpose, we used the same venous blood samples obtained from a healthy volunteer before and after an i.v. bolus injection of regular insulin, Actrapid HM (Novo, Copenhagen, Denmark 3.84 U/m2), an experimental model previously employed [6] . The resutts are shown in Table 1 . Even if the intra-assay coefficients of variation (CV) are lower using the Glucose-Analyzer (1.2-2.0%), they are also good with Reflolux II (2.2-3.4%). In the 2.5-5.0 mmol/1 range, a correlation of r -0.99 was obtained between glucose measurements carried out by the Glucose Analyzer and Reflolux II, evaluated by means of the linear regression formula. The results from our laboratory are in agreement with those previously reported [13] , demonstrating that Reflolux II is a very precise meter even in the low glycaemic range: in particular, the quoted study of Thai et al. [13] reported for low glucose values an intra-assay CV of 2.8% for Reflolux II, 2.5% for the Beckman Glucose Ana-663 lyzer, and a correlation coefficient between the reference method and Reflolux II of r = 0.99. The same authors state that, when compared with two other widely used meters, only Reflotux II does not underestimate glucose values [13] .
As we measured glucose concentrations in capillary blood, we also evaluated the intra-assay CV in the normal and low glycaemic range in this experimental condition, which could give rise to problems related to a more difficult blood collection. In six subjects, with blood glucose concentrations between 4.4-6.6 mmol/1, we determined the intra-assay CV in the measurement of capillary blood glucose by Reflolux II, taking into account the values of four different drops obtained from the same finger prick. The intra-assay CV ranged from 1.0% to 4.0%. To determine the CV in the low glycaemic range, we submitted a healthy volunteer to an i. v. insulin injection as previously described [6] : Four different finger pricks were made at different times during the test, obtaining four capillary blood drops from each prick to measure the capillary blood value. We compared the results with the plasma venous glucose determinations carried out on four venous blood samples obtained simultaneously with the finger pricks. Capillary blood glucose was measured by the Reflolux II, venous plasma glucose by Glucose Analyzer. The very high insulin sensitivity of the volunteer allowed us to measure the intra-assay CV also for glycaemic concentrations lower than those occurring in the clinical records of our patients ( Table 2 ). Good intra-assay CV were also obtained with capillary blood ranging between 2.5% and 3.6% even if, owing to the experimental design, only four determinations could be made for each low glucose level.
In our study, one person was responsible for all the blood glucose measurements, performed at 08.00, 11.00, 14.00 and 16.00 hours. Patients were asked to have breakfast between 08.30 and 09.00 hours, and lunch at 12.00 hours. The times were chosen to enable them to go home for their meals and to come back to the hospital for blood glucose measurements. This did not entail any appreciable increase in physical activity, as transport was provided for our patients by car or bus.
A diet containing 55% carbohydrates, 25% lipids, and 20% proteins was prescribed by a dietician. The patients were also advised not to eat snacks between the three major meals. Assessment of diabetic complications was performed annually.
As there were no diabeticservicesin the area ofth e San Luigi Gonzaga Hospital before 1984, patients often came to the specialized clinic after having been treated for many years by general practitioners. The early blood glucose profiles of their clinical records reflected therefore the treatment prescribed by their family doctors.
We evaluated: (1) the characteristics of the cohort: sex, age, age at diagnosis, diabetes duration, body mass index (kg/m;) and type of treatment; (2) the characteristics of the subgroups of the cohort presenting (Group A) or not presenting (Group B) at least one blood glucose concentration of less than 4.4mmol/1 (regarding HbA~c, we took into account the values corresponding to the profiles with low glycaemic concentrations in Group A patients); (3)the temporal distribution of blood glucose levels of less than 4.4 retool/l, and their relationship to the treatment.
Statistical analysis
Statistical analysis was carried out, when indicated, by analysis of variance for repeated measures, Student's t-test for paired and unpaired data, correlation coefficients and comparison between proportions [14] . Data in the text, tables and figures are expressed as mean + SEM. Fig. 2 . Percent distribution o f 299 blood glucose profiles, containing at least one blood glucose concentration of less than 4.4 mmol/1, measured in Type 2 (non-insulin-dependent) diabetic patients treated by diet alone (n = 66, white bars) or diet and oral hypoglycaemic agents (n = 233, hatched bars), divided according to the hour of the day at which they presented the lowest blood glucose concen tration. Compared to the percent distribution of profiles from patients treated by diet and oral hypoglycaemic agents, the percent distribution of profiles from diet-treated patients was higher at 11.00 hours (p = 0.0005), lower at 16.00 hours (p = 0.002). At 08.00 and 14.00 hours the difference was not significant tion of less than 4.4 mmol/1 (n = 196) (Group A) and patients who never presented glucose concentrations lower than this target (n = 267) (Group B). The two groups do not differ regarding sex, age, age at diagnosis, diabetes du ration and body mass index. The only difference is the greater percentage of patients on OHA in Group A (68.4% vs 56.9%, p =0.016). HbAlc concentrations presented by Group A patients when their blood glucose profiles contained glycaemic values less than 4.4 retool/1 was 6.0 + 0.1%, whereas HbA,o concentration of Group B patients was 7.6 + 0.1% (p = 0.0005 vs Group A).
Results
Out of the 463 diabetic patients of the cohort, 42% showed blood glucose concentrations of less than 4.4 mmol/l: 12% of less than 3.3 mmol/1, 10% between 3.3 and 3.8 mmol/1, and 20% between 3.8 and 4.3 mmol/1. The majority of low blood glucose values were not reported as symptomatic by the patients, and objective signs were seldom noted by medical personnel. Of patients presenting glucose values of less than 3.3 mmol/1, nine were treated with diet alone and 47 with diet and OHA. These patients did not differ from patients of Group B described in Table 3 regarding age (59.8 + 1.3 years), sex (M/F = 0.9), body mass index (29.4+0.6kg/m2), age at diagnosis (52.8 + 1.4 years) and diabetes duration (7.0 + 0.9 years). The only striking difference was the percentage of patients treated with OHA (83.9% vs 56.9% ,p = 0.0005).
Since some patients of Group A presented more than one blood glucose profile with concentrations of less than 4.4 mmol/1, we took 299 blood glucose profiles into account: 77.9% were measured in patients treated with diet and OHA. Figure I shows the mean values of blood glucose concentrations at different times of day, both in the 66 profiles from diet-treated and in 233 from diet-and OHA-treated patients. At 08.00 and 11.00 hours, values from patients treated with diet alone were lower than values from diet-and OHA-treated patients (p = 0.003 and p = 0.0005 respectively); no difference was observed at 14.00 hours, whereas values at 16.00 hours were lower in patients treated with diet and OHA (p = 0.005). Both in profiles from diet-treated patients and in profiles from diet-and OHA-treated patients, the analysis of variance for repeated measures showed a highly significant difference between the different times (p = 0.0005), and paired Student's t-test showed that values at 16.00 hours are significantly lower than values at 08.00hours (p = 0.0005 in profiles from diet-treated and from dietand OHA-treated patients), at 11.00 hours (p = 0.025 in profiles from diet-treated and p = 0.0005 in profiles from diet-and OHA-treated patients) and at 14.00hours (p =0.0005 in profiles from diet-and from diet-and OHA-treated patients).
When the individual blood glucose profiles are taken into account in order to determine the time when the lowest blood glucose concentration occurs, Figure2 shows that 47.0% of profiles from diet-treated and 68.7% of profiles from diet-and OHA-treated patients presented the lowest glycaemic value at 16.00 hours, the difference between diet-treated and diet-and OHAtreated being significant (p = 0.002).
No correlation was observed between fasting blood glucose and the value obtained at 16.00 hours in profiles from diet-treated patients (r = 0.59, NS), whereas a negative correlation was found in profiles from diet-and OHA-treated patients (r = -0.263, p = 0.0005). When the relationships between blood glucose levels during the day and the fasting levels were further investigated in profiles containing values of less than 4.4 mmol/1, it was observed that 28.8% of profiles from diet-treated and 51.5% of profiles from diet-and OHA-treated patients presented a fasting blood glucose concentration between 6.7 and 7.8 mmol/1, whereas 9.1% of profiles from diettreated and 31.8% of profiles from diet-and OHA-treated Fig. 3 . Percent distribution of 382 blood glucose concentrations of less than 4.4mmol/1, contained in 299 blood glucose profiles, measured in Type 2 (non-insulin-dependent) diabetic patients treated by diet alone (n = 80, white bars) or diet and oral hypogly caemic agents (n = 382, hatched bars), divided according to the hour of the day at which they occurred. Compared to the percent distribution of blood glucose levels from patients treated by diet and oral hypoglycaemic agents, the percent distribution of blood glucose levels from diet-treated patients was lower at 08.00 hours (p =0.057), higher at 11.00 hours (p = 0.0005), lower at 16.00 hours (p = 0.004). At 14.00 hours the difference was not significant patients presented a fasting value > 7.8 mmol/1. According to the European NIDDM Policy Group, fasting blood glucose concentrations between 6.7 and 7.8 mmol/l and > 7.8 mmol/1 indicate that the blood glucose control is not good, but, respectively, either acceptable or poor [1] . Only Since some of the 299 profiles taken into account contained more than one glycaemic level of less than 4.4 mmol/l, we considered 382 glycaemic concentrations, 80 in profiles from diet-treated, 302 in profiles from dietand OHA-treated patients. Of these values, 63 were of less than 3.3 mmol/1, nine in profiles from diet-treated, 54 in profiles from diet-and OHA-treated patients. All the values of less than 2.7 mmol/1 (n = 24) were in profiles from diet-and OHA-treated patients. Figure 3 shows the temporal distribution of the glycaemic levels of less than 4.4 mmol/1; OHA treatment increased the tendency for low glycaemic concentrations at 16.00 hours, in comparison with diet treatment alone (60.0% vs 41.3%,p = 0.004).
As far as hypoglycaemic treatment is concerned, 59.0% of profiles of Group A patients on OHA treatment presenting blood glucose values of less than 4.4 retool/1 were on sulphonylureas, 41.0% on pharmacological preparations containing sulphonylureas and biguanides. The most employed sulphonylurea was glibenclamide (96.8%), the only biguanide employed was phenformin. Biguanides were not administered alone. No patient received a daily glibenclamide dose > 15 mg, or a daily Significance refers to differences between Group A and Group B. OHA = oral hypoglycaemic agents phenformin dose >75 rag. Doses greater than 5mg glibenclamide or 2.5 mg glibenclamide and 25 mg phenformin were administered as divided doses. Regarding the timing of OHA administration in patients presenting glucose values of less than 4.4 mmol/1, 52.9% of profiles were from OHA before breakfast, lunch and supper treatment; 13.7% before lunch and supper; 12.9% before breakfast and supper; 7.5% before lunch; 7.0% before breakfast and lunch; 4.0% before breakfast; 2.2% before supper. 58.5% of OHA doses before breakfast were low (2.5 mg glibenclamide or 1.75 mg glibenclamide and 12.5 mg phenformin). When glibenclamide is employed, a reasonable schedule, owing to the pharmacokinetic characteristics of the drug, is before breakfast, and, if necessary, also before supper. 16.7% of profiles containing at least one blood glucose value of less than 4.4 retool/1 presented this kind of schedule, with four glycaemic concentrations of less than 3.3 mmol/1. All schedules of OHA administration showed the majority of blood glucose concentrations of less than 4.4 mmol/1 occurring at 16.00 hours: 77.5% in profiles with OHA before breakfast, lunch and supper; 83.9% in profiles with OHA before lunch and supper; 72.4% in profiles with OHA before breakfast and supper; 70.6% in profiles with OHA before lunch; 81.3% in profiles with OHA before breakfast and lunch; 66.7% in profiles with OHA before breakfast; 80.0% in profiles with OHA before supper. Differences between these percentages were not significant.
Discussion
This study shows that (1) Type 2 diabetic patients can frequently present blood glucose values under the target stated by the European NIDDM Policy Group vis. 4.4 mmol/1 [1] ; (2) these episodes occur frequently in the afternoon; (3)oral hypoglycaemic treatment is responsible for a large number of the low glycaemic concentrations; (4) to detect blood glucose levels under the target, it is useful to perform blood glucose profiles, or, at least, to check the blood glucose concentrations in the afternoon. The study was carried out using a reflectance meter which is precise even in the low glycaemic range [13] . The glycaemic targets recommended by the European Policy Group refer to venous blood measurements [1] , whereas our study has been carried out on capillary blood em-ploying a reflectance meter, as this is usually used in the clinical monitoring protocols and strongly recommended for self-monitoring diabetic patients. As we previously discussed, a perfect comparison between the glucose determinations carried out in different fluids is not possible. We can reasonably exclude, however, that the presence of low glycaemic levels has been overestimated in this study, since the venous blood glucose values -taken into account by the European Policy Group -are slightly lower than capillary glucose values [12] .
No severe hypoglycaemic episodes with loss of consciousness or requiring i.v. gIucose administration or a glucagon injection were observed in our series. The great majority of low glycaemic levels were not reported by the patients, partly because they were asymptomatic, partly because symptoms were not recognized or erroneously ascribed to cardiovascular or neurological causes. This observation is in keeping with a study showing that only 45 % of Type 2 diabetic patients experiencing hypoglycaemic symptoms spontaneously report them to the diabetic clinic [15] , and underlines the need for comprehensive patient education to increase the awareness of the occurrence of mild hypoglycaemia. Specific questions on this subject should be included in each medical examination of Type 2 diabetic patients.
When we consider the possible causes of blood glucose concentrations under the 4.4 mmol/1 target in our study, it is necessary to distinguish between patients on diet treatment and patients on diet and OHA treatment. The patients on a diet were often obese subjects who developed diabetes mellitus. When placed on a diet, they showed a marked improvement in blood glucose control, but not a complete normalization. Their fasting blood glucose concentrations remained slightly elevated, whereas the postprandial decrease of blood glucose in the afternoon could indicate the presence of an exaggerated and delayed insulinaemic response to food. The blood glucose decrease observed after breakfast might also be interpreted in this light.
The trend toward lowest glycaemic concentrations of the profile in the afternoon is, however, much more evident in patients on diet and OHA treatment. These patients presented blood glucose values higher than patients on diet alone after an overnight fast and after breakfast and lower 4 h after lunch. A pharmacological effect could therefore be supposed. Since in our survey glibenclamide was the most widely used of the sulphonylureas, one cannot rule out the possible responsibility of the divided dose schedule, frequently employed by general practitioners in Italy: this schedule is tempting, since the plasma concentrations of the drug increase after each administation, and this increase influences the glycaemic response to the meal consumed immediately after [16] . In Italy, breakfast is usually light, whereas the midday meal is the largest of the day: it is therefore not surprising that a schedule widely used by family doctors consists in giving small doses of OHA (i. e. half a tablet) before breakfast and/or supper and a larger dose (i. e. one tablet) before the midday meal. This type of prescription reflects more the amount of food to be eaten immediately after than the pharmacokinetic properties of glibenclamide: this drug, in fact, shows a relatively short half-life [16] but a slowly equilibrating deep compartment [17] . On repeated dosing, there is a potential risk of multiple overlaps of the drug action [17] . In particular, it could further aggravate the tendency of Type 2 diabetic patients -already present when they are on a diet alone-to have low blood glucose concentrations in the afternoon. Unfortunately, the last phenomenon is not easy to detect, and, subsequently, correct. In fact, patients are frequently unaware of mild hypoglycaemic episodes and donor report them to the physician; furthermore, fasting blood glucose, the only level usually checked by general practitioners, is not indicative of low glycaemic concentrations during the day, as this study shows.
Fasting blood glucose concentrations are certainly extremely important to assess the "severity" of diabetes [18] . In our study, for instance, fasting levels of OHA-requiring patients, in spite of the treatment, are higher than levels of patients on a diet alone. Fasting blood glucose, however, is not enough to evaluate whether the treatment regimen is able to avoid low blood glucose values during the day. For instance, in our study 90% of profiles showing glycaemic levels under the target presented euglycaemic or hyperglycaemic fasting concentrations. Furthermore, in OHAtreated patients, we observed a negative correlation between fasting blood glucose and values 4 h after the midday meal. Since this phenomenon does not exist in patients on a diet alone, it is clearly due to a pharmacological effect, indicating that, in order to improve fasting hyperglycaemia, an excess of OHA has been prescribed, causing low blood glucose concentrations in the afternoon. To verify the safety of OHA treatment, blood glucose profiles should be performed in Type 2 diabetic patients; at least a late afternoon value should be regularly checked. The risk of repeated low glucose values must be carefully considered in an older population potentially affected by atherosclerotic lesions, to avoid the iatrogenic effects of neuroglycopoenia and of catecholamine-mediated vascular damage [2] [3] [4] [5] [6] [7] [8] [9] . In this light, the fasting and postprandial glycaemic targets of the European Policy Group [1] should be considered in an integrate view, and not separately. Actually, an abuse of oral agents aimed at attaining "good" fasting control could be dangerous for the patient if it is the cause of repeated low blood glucose concentrations in the afternoon. A higher fasting level must be accepted on these occasions. Oral agents should be employed with a greater caution in clinical practice. Unfortunately, as Tattersall observed, "Tablets are deceptively easy to prescribe" [19] .
